ABSTRACT: Forty two Malpura lambs (21 d old) were divided into three groups of 14 each consisting of 8 females and 6 males.
INTRODUCTION
Under traditional feeding practices on grazing resources alone, lambs achieve only 40 to 50 g average daily gain during active phase of growth and attain market weight of 20 to 22 kg at 9 to 12 months of age . Lambs require high energy to support faster growth (Manso et al., 2006; Bhatt et al., 2009) . Feeding higher level of concentrate to lambs increased feed intake and live weight gain (Santra and Karim, 2002) . It is presumed that fortification of concentrate with fat supplementation would increase energy content and improve growth at similar intake levels. Inclusion of fat in ruminant diets improves energy efficiency due to direct use of long chain fatty acids in the metabolic pathways of fat synthesis without the need for acetate and glucose (Clinquart et al., 1995; Machmuller et al., 2000) . Further, it has been observed that additions of fat prevent ruminal acidosis, facilitate absorption of liposoluble nutrients thus rendering it possible to modify meat according to consumer demand (Perez et al., 2002) . Inclusion of fat as energy source in proper form is prerequisite for improving pre and post-weaning growth. Bhatt et al. (2011) reported that inclusion of coconut oil at high (>5%) level in the diet decreased concentrate intake. It has been observed that calcium salt of fatty acids (Ca-FA) at 0, 2, 4, or 6 % to finisher beef diets increased neutral detergent fiber (NDF) and acid detergent fiber (ADF) digestibility (Nigdi et al., 1990 ). The present experiment was therefore planned to study the effect of rice bran oil as such or as calcium salt (rumen protected fat) supplementation on growth performance, nutrient intake and utilization, blood metabolites and carcass composition in Malpura lambs.
and Wool Research Institute, Avikanagar, Rajasthan, India located at 26 17´N latitude and 75 28´E longitude and 320 m above mean sea level. The climate is typical hot and semi-arid. The study was initiated in November 2009 and ended in April 2010. During the experiment, minimum and maximum ambient temperature ranged from 6.87 to 24.67C and 23.52 to 41.53C and relative humidity varied from 14.83 to 83.42%. The animal care, handling and sampling procedures were approved by the Committee for the Purpose of Control and Supervision of Experiment on Animal (CPCSEA), India.
Animal and feeding management
Forty two Malpura lambs (21 d old) were divided into three equal groups consisting of 8 females and 6 males. Up to weaning age (90 d), lambs were housed with their dams during night and penned in well ventilated enclosure during the day in groups. In addition to free suckling, the lambs were offered ad libitum concentrate and roughage (Prosopis cineraria leaves) in separate feeders. The experiment continued up to six month of age of lambs. The lambs in control group were fed conventional concentrate mixture, in RBO group concentrate mixture fortified with 4% industrial grade rice bran oil whereas in Ca-soap group concentrate supplemented with rice bran oil converted into calcium salt of fatty acids by modified method of Naik et al. (2007) . The process involved anhydrous calcium hydroxide (40% of the amount of oil to be treated) dissolved in 15 times tap water mixed with warm oil and sulfuric acid (3% of the amount of oil dissolved in five times tap water) stirred for 25 min on flame, filtered through muslin cloth, washed and dried. The prepared Ca-soap consists of 63% oil and 37% mineral. Daily roughage and concentrate mixture intake were recorded during entire experiment period.
During post weaning (90 to 180 d), lambs were weaned and kept in separate enclosures and offered ad libitum concentrate and roughage (Prosopis cineraria leaves) in cafeteria system. They were let loose in open from 7.00 to 9.00 am in the morning and 4.00 to 6.00 pm in the evening hours. Water was made available at free choice to lambs during entire period of experiment. Daily records of concentrate and roughage intake were maintained. Metabolizable energy intake (MEI) was calculated according to ARC (1990) as: MEI (MJ/kg DM) = ((digestible OM, g/kg DM)/1,000)18.50.81.
Growth trial
Daily feed intake and weekly body weights (BW) were recorded during pre weaning (21 to 90 d) and post weaning (91 to 180 d) period.
Sample collection and digestibility trial
Roughage and concentrate samples were collected once a week and respective samples of different weeks mixed thoroughly and pooled after drying for chemical analysis. Metabolic trial with four male lambs in each treatment was conducted during post weaning stage at 150 d of age. Lambs were kept in metabolic cages for ten days with five days adaptation and five days collection period. Concentrate and roughage offered, residue left, feces voided and urine excreted were weighed, recorded and preserved for later chemical analysis. The samples of concentrate, roughage, and feces were dried in forced air oven at 70C till constant weight for dry matter determination. Samples were ground to pass a 1 mm screen and preserved for chemical analysis.
Hematological and serum biochemical profile
At 180 (post weaning) days of age, 5 ml of blood was collected into 10 ml sterilized syringes by jugular vein puncture from five male lambs of each treatment before morning feeding. Serum was separated after 3 h of incubation at 37C. Immediately after the serum collection, glucose was estimated by Glucose oxidase-glucose peroxidase (GOD-POD) method (Trinder, 1969) . Serum samples were preserved in polypropylene vials at -20C for later estimation of cholesterol (Wybenga et al., 1970) and free fatty acids (Shipe et al., 1980) .
Lamb slaughter
At six month of age, all the male lambs were shorn manually and slaughtered following standard procedures for carcass evaluation (ISI, 1963) . The weight of digestive contents was obtained from difference between full and empty digestive tract and empty live weight was computed as the difference between slaughter weight and weight of digestive contents. Loin eye area (cm 2 ) was recorded on the cut surface of Longissimus dorsi muscle at the interface of 12th and 13th rib on both side of the carcass. Samples of Longissimus dorsi muscle were collected for estimation of chemical composition.
Chemical analysis
All the samples of feed, feces, urine and muscle samples were analyzed for chemical composition as per standard AOAC (2000) methods. Neutral detergent fiber (NDF) was determined without sodium sulphite or -amylase, whereas acid detergent fiber (ADF) and acid detergent lignin (ADL) was expressed inclusive of residual ash and lignin was determined by solubilization of cellulose with sulphuric acid as per Van Soest et al. (1991) .
Rumen fermentation characteristics and ciliate protozoa count
During post weaning phase (at 180 d of age) rumen liquor (50 ml) samples were withdrawn using a stomach tube and suction pump from six intact lambs of each treatment at 0 and 4 h post feeding. Samples were placed in a 100 ml glass jar for pH determination using a portable pH meter within 4 to 5 min of sampling. After pH measurement rumen fluid was strained with four layer of muslin cloth. Strained rumen liquor (SRL) samples were preserved after adding a few drops of saturated mercuric chloride solution and stored in labeled polypropylene bottles at -20C till further analysis. The SRL samples were analyzed for individual and total volatile fatty acids with DANI make Gas Chromatograph (Model 1000, Series 011124002, DANI, Cologno, Monzese Italy) using flame ionizing detector (FID), programmable temperature vaporizer (PTV) injector and capillary column (SP-Packed column 10% SP-1000, 2 mm length ). Ciliate protozoa numbers in SRL were counted following the procedure of Sahoo et al. (1999) .
Statistical analysis
Data were subjected to one way analysis of variance using SPSS Base 14.0 (SPSS Software products, Marketing Department, SPSS Inc. Chicago, IL 60606-6307, USA), using mathematical model:
Where Y ijk = observation mean;  = general mean, T i = effect of i th dietary treatment (i = 1, 2, 3), e ij = random error. Significance among mean values for three dietary treatments was tested using Duncan's Multiple Range Test (Duncan, 1955) . The data for rumen metabolites was analyzed for treatmentcollection hour interaction using factorial design. Weekly BW change of individual lamb was used for fitting polynomial curves and the generation of equation in Figure 1 .
RESULTS AND DISCUSSION

Chemical composition and plane of nutrition
Ether extract increased in both the test diet whereas total ash contents increased in diet fortified with Ca-soap ( Table   1 ). The addition of fat increased ether extract of lamb's diet in T 2 and T 3 groups and no effect on other nutrients was recorded.
Plane of nutrition revealed differences in roughage: concentrate ratio, daily concentrate, total dry matter, crude protein, organic matter, digestible organic matter, digestible crude protein and ME intakes between control and test groups ( Table 2 ). The supplementation of industrial grade rice bran oil decreased concentrate intake (p0.05) as a result total dry matter and nutrient intakes also reduced. Casoap prepared from the same oil stimulated concentrate intake thus increased total dry matter, protein and energy intakes as compared to control. In Ca-soap group, daily dry matter intake increased after five weeks of age whereas in rice bran oil group the dry matter intake was lower and at par with control up to eleven weeks of age and there after it decreased (Figure 1 ). Similarly daily ME intake remained higher in Ca-soap supplemented group throughout the experiment whereas in rice bran oil supplemented group it was higher up to 15 th week of age and after that it decreased (Figure 2 ). Higher concentrate intake increased ME intake of lambs in Ca-soap supplemented group. Reduced heat energy as a result of lower microbial fermentation and less energy loss by calcium soap may be the other reason for higher ME intake of lambs in Ca-soap group. Similar findings were reported by Bhatt et al. (2012) in lambs fed different levels of rumen bypass fat. Poor intake of concentrate mixture containing RB oil reduced the dry matter intake. Similar observations were also reported earlier by Bhatt et al. (2011) in lambs fed different levels of coconut oil. Haddad and Younis (2004) also reported decrease DM intake with addition of 25 and 50 g/kg of saturated fat in the diets of Awassi lambs. Machmüller and Kreuzer (1999) concluded from the study that inclusion of coconut oil at higher level decrease the palatability of diet. The effects of dietary fat on reduction of feed intake is a complex mechanism and involves effects of fatty acids on gut peptides and pancreatic hormones along with direct/indirect effects on hepatic energy oxidation (Allen et al., 2009) . Moreover, the extent of DMI depression by dietary fat related to unsaturated FA concentration and effect was found greater for free FA compared to triglycerides (Jenkins and Palmquist, 1984) . Reduced concentrate intake decreased the crude protein intake in RB oil supplemented group whereas it increased organic matter and crude protein digestibility improved DCP and ME intake which made it comparable with control group. Reddy et al. (2003) also reported no effect of inclusion of saturated fat up to 15% level on DCP value of sheep ration.
Digestibility and nitrogen balance
Dry matter, organic matter, crude protein and ether extract intakes of lamb during metabolic trial followed the similar trend as recorded during growth study: the values were lower in rice bran oil and higher in Ca-soap supplemented group than the control (Table 3 ). The digestibility of dry matter, organic matter and crude protein were higher in rice bran oil (T 2 ) followed by Ca-soap supplemented group (T 3 ) and control (T 3 ) where as no effect was observed for ether extract digestibility. Nitrogen balance showed higher N intake (p0.05) in Ca-soap supplemented group followed by control and rice bran oil. Excretion of N through feces was higher (p0.05) in control as compared to test groups. Nitrogen retained per day was higher in Ca-soap followed by control and lowest in rice bran oil supplemented group and the differences were significant (p0.05) between Ca-soap and control group with RBO group.
The increased digestibility of dry matter, organic matter and crude protein in fat supplemented group compared well with the results of Yusuf et al. (2009) and Wanapat et al. (2005) who reported increased digestibility with supplementation of sheabutter fat and coconut oil in sheep ration. The increased organic matter digestibility in RBO supplemented group was due to higher CP and EE digestibility. Similar observations were also made by Reddy et al. (2003) and Alexander et al. (2002) . Wu et al. (1991) reported higher digestion of fatty acids in calcium soap owing to lower ruminal bio hydrogenation and subsequently higher levels of unsaturated fatty acids in intestinal chime.
Reduced nitrogen intake/d in RB oil fed group depressed the daily nitrogen balance. Dietary fat stimulates intestinal cholesterol synthesis (Nestel et al., 1978) to meet the growing demand of absorption and transport of fat which may explain our results. Bindel et al. (2000) , Febel et al. (2002) and Khorasani and Kennelly (1998) also reported increased cholesterol and free fatty acid level in serum by fat supplementation.
Growth performance and blood biochemical
The highest six month weight (p<0.001), gain in weight (p<0.001) and average daily gain (p<0.001) were recorded in Ca-soap supplemented group followed by control and rice bran oil supplemented group (Table 4) . Weekly body weight revealed superior growth in Ca-soap from the beginning whereas with rice bran oil the growth was comparable with control up to 7 wks and thereafter it gradually decreased up to finishing stage (Figure 3) . Feed: gain ratio (DMI (kg)/weight gain (kg)) was superior in Casoap and feed conversion efficiency deteriorated in rice bran oil supplemented group compared with control and the differences were significant (p0.05) between groups. Blood biochemical profile revealed higher (p0.05) cholesterol values in test diets as compared to control.
The growth performance of lambs corroborated well with the nutrient intake, its utilization and nitrogen balance. Lourenco et al. (2000) also reported high correlation of intake of digestible OM with ADG of lambs which was also observed in this experiment. Improved feed palatability by Ca-soap supplementation in present study was similar to the findings of Sklan et al. (1990) reporting increased metabolizable energy intake, improved weight gain and FCR. Supplementation of oil improved rumen fermentation in terms of the fermentation end products (Wanapat et al., 2005) and also eliminated the protozoa from the rumen of cattle and sheep to improve growth rate with concomitant increases in bacterial population and microbial protein flow from the rumen (Leng, 1989; Santra et al., 2007) . In spite of this fact, nutrient intake, growth and feed conversion efficiency did not improve in present study in RB oil supplemented group.
Rumen metabolite
Rumen metabolite revealed treatment effect for total volatile fatty acids (TVFA) acetic acid, propionic acid and butyric acids, holotrichs, spirotrichs and total protozoal population ( Table 5 ). The rice bran oil as such and as Casoap decreased TVFA as well as individual fatty acids. At 4 h post feeding there was increase in TVFA, acetic acid, propionic acid value in Ca-soap diet whereas in rice bran oil diet there was decrease in acetic acid value when compared with 0 h values. Population of protozoa was also decreased (p0.05) with rice bran oil as such or as Ca-soap as compared to control.
In agreement to our results Hightshoe et al. (1991) also reported no change in rumen pH by supplementing rumen protected fat in beef cattle however rumen pH was lowered at 4 h post feeding which agreed well with the findings of Cheng et al. (1980) . Sutton et al. (1983) also reported decreased population of rumen ciliate protozoa by feeding free oils to sheep due to inhibition of the H 2 producing fermentation process caused by disruption of the symbiotic relationship between rumen protozoa and methanogenic bacteria and subsequent interspecies H 2 transfer (Finlay et al., 1994) . Dietary inclusion of fats reduced energy available to bacteria because of limited fat digestion in the rumen, thus, decreased microbial protein synthesis and VFA production (Khorasani et al., 1992) . Fat supplementation also depressed ruminal digestion through an inhibitory effect of fatty acids on fiber digestion and decreased VFA production.
Carcass traits and composition
Differences were observed for pre slaughter (p = 0.004) and hot carcass weight (p0.05): the weights were lower in rice bran oil and higher in Ca-soap supplemented group as compared to control (Table 6 ). However, the dressing yield, loin eye area and body fat distribution were similar in these groups.
Pre slaughter and hot carcass weights in different groups differed due to differences in pre slaughter live weights. Manso et al. (2006) recorded no difference in carcass yield and body chemical composition of lambs by supplementing fat in ration. Reason for lack of difference by fat supplementation may be ascribed to slaughter of lambs at an early stage of maturity as fat deposition mainly occurred during later stages of growth (Butterfield, 1988) . It is well established that fat accumulation in the body is age dependent and subcutaneous fat is accumulated at the latter stage of growth. Leon et al. (1999) reported higher body fat reserves at 12 and 16 months of age as compared to 8 month old lambs.
CONCLUSIONS
Supplementation of calcium soap of rice bran at 40 g/kg feed improved energy intake by virtue of higher concentrate intake which in turn improved body weight gain and feed conversion ratio with acceptable carcass traits during post weaning. On the contrary, rice bran oil as such reduced concentrate intake, gain in weight and feed conversion ratio hence not found useful for targeting higher gains of lambs in semi arid environment.
